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Abstract
The Covid-19 pandemic started last semester when I was starting on my proposal. At
that time, the pandemic lockdowns were at their peak levels with strict restrictions
against movements. This was the case in most countries across the world. The effect
this had on the air pollution was immediately felt. There were negligible amount of flights
and road traffic had also significantly reduced. This led to an amazing clearing of the
skies of pollution. For the first time in years, the Himalayan mountains could be seen,
and many cities saw their smog and blanket of air pollution disappear. At that point I
decided to use the change in air pollution data as the basis for my research. Now in the
second semester, lockdowns have been almost lifted all across the world and pollution
has re-emerged to pre pandemic lockdown levels. In this research I look at the data for
two major gulf cities, Abu Dhabi and Dhahran, Saudi Arabia and investigate the change
in pollution data over the past years. The end goal was to estimate whether or not there
has been a significant decrease in air pollution levels in both cities over time due to the
implementation of lockdowns, which severely restricted industrial production, vehicular
pollution, and other forms of man-made emissions. The data collected was then cleaned
and variables that were unnecessary were removed. Then I applied Regression
analysis onto the data and the results showed evidence of the fact that initiating
lockdowns decreased overall pollution levels in the atmosphere, as human activity was
severely restricted.

Key Words: Air pollution, pandemic, lockdown, regression analysis
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Chapter 1
1.1 Background
The coronavirus (Covid-19) pandemic has affected millions across the world and
has had a dire impact on country economies. McKibben and Fernando (2020) discuss the
impacts of Covid-19 that reach beyond deaths (mortality) and impairments (morbidity) to
interruption of supply chains, reduced consumptions by worried consumers, and the drop
of financial markets and stock exchanges.
One unexpected positive of a very negative situation is the effect on the
environment. For the first time in years, the water in the canals of Venice were clear after
a strict lockdown stopped boat traffic and other environmental stressors (Braga et al,
2020). Behavioral changes in wildlife have also been observed, as the drop in human
activity has resulted in alterations to ecosystems that have allowed unusual spread of
wildlife into human-inhabited and impacted areas (Bar, 2020).

This project was therefore designed to assess the impact of Covid-19 and the
resulting lockdowns and interruption in daily life on air pollution, with an aim towards
predicting what may happen going forward and identifying important steps that could help
preserve the gains made in the health of the environment. This was achieved by following
a three-part approach to researching air pollution – past (before coronavirus), present
(during coronavirus) and future (after coronavirus).
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There have been instances of severe outbreaks of diseases and pandemics
caused by a number of viruses, however none in recent history has happened at the
scale of Covid-19 due to the ease of air travel, which has enabled the virus to spread
globally (Chakraborty, 2020). Malls, restaurants, public transport, houses of worship,
entertainment areas, beaches, flights and so much more have been totally shut down in
many countries around the world or reduced drastically. There are curfews in place
restricting movement, global trade has been disrupted, flights have been canceled, and
many people are now working from or staying at home. All these restrictions and
changes in behavior have been put in place due to the spread of the new coronavirus. It
is reminiscent of the days before cars, engines, automation, and industrialization.
According to statistics from New York, there has been an almost 50% reduction in
pollution; in countries like China, where pollution had reached unprecedented levels, the
proportion of days with “good quality air” has gone up by 11.4 % (Henriques, 2020).

Across the globe, environmental experts are discussing the positive impact of the
pandemic on the environment. In 2018, air travel accounted for 2.4% of global carbon
dioxide emissions, and estimates showed that in the early months of the pandemic, air
traffic was down 60% (Nixdorf et al, 2020). Another study has shown that people living
in polluted areas have a higher risk of getting worse cases of Coronavirus because they
will have more respiratory problems due to the pollution (C-Change, 2020). These
dramatic and sudden changes have never happened before in our lifetime (McFadden,
2020).
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Air pollution has been identified as a cause of serious health issues, and in 2017
was identified as the cause of death for 4.9 million people around the world (Shakil et al,
2020). Therefore any reduction in the level of air pollution is worthy of research, so that
even though there has been high costs in life and health, and economies and financial
well-being, it is still an important opportunity to see what effect the dramatic and drastic
reduction in travel and daily activities has had on air pollution levels. The hope is that by
identifying where there have been improvements in this area, specific strategies or steps
can be identified that could potentially continue the positive environmental impacts
beyond the Covid-19 pandemic. As the countries are all lifting lockdowns, they are laying
aside any consideration for the environment in their goal to restart the economy back and
reach pre-Covid-19 levels

1.2 Statement of problem
Pollution and greenhouse gas emissions have fallen globally as nations across
the world try to contain the spread of the coronavirus. Air pollution and human impact on
the environment present a threat to ecosystems and population health, therefore any
insight into how air pollution can be meaningfully reduced is important. This research
investigates what effect the pandemic has had on the environment, specifically air
quality, and whether this is just a fleeting change, or could lead to longer-lasting
reduction in emissions).

3

1.3 Project goals
The objectives and goals of the research are as follows.
•

To examine the impact of the pandemic on the environment with a focus on the

area of air pollution and how the lockdown has affected that across the globe.
•

To predict how the pandemic and its restrictions might continue to affect the

environment in the future, as restrictions are eased or changed.
•

To determine how any positive effects can be translated to meaningful and

permanent changes that benefit the environment

1.4 Methodology
To understand better the effect of the pandemic on air pollution, a mixed method
approach was adopted with both qualitative and quantitative research methods. Since
the research objective was to determine change and predict possible future in air
pollution and air quality, the research methodology focused on three stages: past,
present and future. This means establishing the state of global air pollution before the
appearance of the coronavirus, evaluating the state of global air pollution during the
virus, and predicting potential future outcomes.
In order to reach the research objectives, the research was conducted in several
stages, including a qualitative literature review and documentary analysis, and a
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quantitative analysis of specific air pollution data to calculate trends and potential
developments.

1.5 Limitations of the Study
We encountered several issues. The first issue was that there was not enough data
available to perform comprehensive research on the air pollution trend in Abu Dhabi and UAE.
Second, the pandemic lockdowns have essentially been lifted across the globe. Therefore, this
research is only pinpointing a specific time period in human history that may not return anytime
soon. In addition, there was not enough written on the topic due to the recency of the data and
the events.

1.6 Significance of the Study
The Covid-19 pandemic represents a unique occurrence in recent history, where
transportation and other environmental stressors have been dramatically reduced or stopped
completely in an effort to limit the spread of the virus. Initial investigations and reports have
indicated a dramatic impact on global ecosystems, therefore this study represents an
opportunity to more fully understand what impact Covid-19 has had on the environment,
specifically air pollution, to predict what further changes might be seen in air quality once the
restrictions begin to ease, and to identify potential steps that could be taken to preserve or even
increase any positive effects that lock downs and other restrictions have had on air pollution
levels and air quality generally.

5

1.7 Organization of Chapters
Chapter 1 gives and introduction to this research, covering the general background,
problem statement and research objectives. Chapter 2 will present a literature review, in order
to better understand the studies and information behind the main topics of this research.
Chapter 3 is the methodology, where the method and steps taken in this research will be
outlined. Chapter 4 presents the data collected, and Chapter 5 includes an analysis and
discussion along with research conclusions. Finally Chapter 6 includes a short conclusion and
summary of the project as whole. This is followed by the references and an appendix section.
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Chapter 2 – Literature Review
Air pollution is a topic of particular and growing concern in recent years as
governments and non-government organizations (NGOs) struggle with how to combat
the growing negative effects of climate change and global warming, due in part to
greenhouse gasses and the impact of human stressors on the environment. This
chapter presents information about the state of the environment, particularly regarding
air pollution, and will provide a background into the state of the environment in the UAE
and KSA, which represent the samples chosen for quantitative analysis. The chapter
also includes a discussion of Covid-19 and its negative and positive impacts, along with
a brief introduction to the history of the Covid-19 pandemic and other global events that
have impacted the environment on a large scale.

2.1 Air Pollution
Landrigen (2017) identifies air pollution as “one of the great killers of our age”
(Landrigen, 2017, pp. e4). Although in recent time there has been a reduction in
household air pollution (caused before by burning fuels like wood and dung), ambient
air pollution (lower general air quality that results from pollution that enters the air from
factories, vehicles and other sources) has steadily increased (Landigren, 2017). This
ambient air pollution not only impacts respiratory ailments like asthma, it has also been
shown to have a positive connection with tuberculosis and other diseases (Zhu et al,
2018). Breathing in airborne particulates from air pollution has also been shown to
cause cancer, heart disease, strokes and deep vein thrombosis (Baccarelli, 2008). In
addition, Herndon (2018) points to air pollution as the main cause of global warming,
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which has its own set of impacts on the global environment and also ultimately human
health and wellbeing.
Most air pollution indicators include several categories, including particulate
matter and greenhouse gases (ozone, nitrogen dioxide, sulfur dioxide and carbon
monoxide). Greenhouse gases and particulate matter can have a primary negative
effect on human health, especially when more concentrated (as in smog) which can
make it more difficult to breathe and trigger asthma attacks or other respiratory
problems; as well as a secondary negative effect as contributors to global warming
(Wang et al 2016). Particulate matter is aerosols, and it enters the air through natural or
manmade methods. The main way particulate matter is created and spread into the
atmosphere is through emissions from transport, including exhaust and the particles
that are emitted from tires and roadways through friction (Fuzzi et al 2015). These
particulate matters are called PM for short in the air pollution data collected.
As a group, greenhouse gases are created in several different sectors mainly
through the burning of fossil fuels/organic material, and trap heat radiating from the
ground (US EPA 2020). Individually each gas has its own negative effect on the
environment when the level is too high. For example, Williams et al (2013) call ozone, a
greenhouse gas, an “atmospheric pollutant,” which has a direct and ongoing negative
impact on health and vegetation. It is created primarily by the exhaust from internal
combustion engines, which are found in most kinds of vehicles (cars, planes,
motorboats, etc.) (Williams et al, 2013).
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2.1.1 Air Quality Measurement

Air pollution is measured through sensors, either permanent (usually government
funded) stations that can measure the amount of each pollutant (particulate matter and
individual greenhouse gases), or more portable sensors that are used to measure an
individual pollutant and can then be calibrated so that the information it gives is at the
level of the permanent stations; using both methods together gives a more detailed and
accurate measure (Maag et al 2018). These stations provide air quality information
(AQI), often in real time, which is then verified and available for further analysis, in
addition to being a way that local governments can know if health alerts or other public
notifications should be made.

2.1.2 Air Pollution Monitoring
Many national and international public and private organizations have developed
air pollution and air quality measurement systems, including the World Air Quality Index
(waqi.info), the World Air Quality Project (aqicn.org), the State of Global Air
(stateofglobalair.com) and the United Nations Environment Program (unep.org). These
groups work individually and in cooperation with other groups and national
environmental protection agencies (EPAs) to collect air quality data from monitoring
stations placed throughout the world.

2.1.3 Air pollution in the GCC

Air pollution in the GCC has been on the rise as the number of expats migrating
to the GCC countries increased over the past two decades and the number of people in
9

the countryside moved to urban cities. According to research conducted by Jassim, et.
al. from 2006-2012, the calculated annual concentrations for Particulate Matter 10 and
Particulate Matter 2.5 in Bahrain were substantially higher than recommended World
Health Organization (WHO) guideline standards. The findings showed that there was an
increase in PM10, PM2.5, and SO2 whereas O3 and its precursor NO2 showed
decreasing behavior. This general increase in air pollution trends agreed with the rest of
the GCC region due to economic growth, industrialization, and urbanization (Jassim,
Muneer & Coskuner, 2018)
However, with the onset of the pandemic, a marked decrease in air pollution was
seen. The Mohammed Bin Rashid Space Centre (MBRSC) was able to show that one
of the positive effects of the virus and our measures to slow its spread, is that air
pollution levels dropped during the lockdown. As restaurants, cinemas, malls and
beaches were closed, air flights were grounded, travel was stopped, and road traffic
was reduced due to curfews and a large portion of the population began working from
home, there was a massive reduction in gases produced when you burn fossil fuels
(Hambly, 2020)
In addition to the Particulate Matter and Sulphur Dioxide, Nitrogen Dioxide, NO2,
which is mainly produced through engines, power generation and other industrial
processes, decreased a result of the lockdowns, thanks to the fewer number of cars and
trucks on the roads and a cut in air traffic. The reduction helped in improving air quality.
(Arabian Business, 2020)
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2.1.4 Initiatives to combat air pollution
There have been a number of global and individual country initiatives that are
targeting the reduction of air pollution. Figure 2.1 shows the state of global air, indicated
by the mean concentration of particulate matter which is weighted by population. Those
areas that show the lowest levels also have national initiatives or mandates designed to
reduced air pollution, which suggests that these kinds of steps are successful.

Figure 1: Global levels of air pollution particulates (Boogard et al, 2019, pp. 418).

2.1.4.1

Global

Some of the global initiatives that countries have taken to ensure that air pollution
is reduced to minimize the detrimental effects on the environment includes the Paris
Accords. The Paris Agreement is a legally binding international treaty on climate
change. It was adopted and signed by 196 Countries at COP 21 in Paris, on 12
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December 2015 and entered into force on 4 November 2016. (United Nations, 2020).
The goal is to limit global warming to well below 2, preferably to 1.5 degrees Celsius,
compared to pre-industrial levels. However, it is not an easy task to achieve this. So in
order to make it realistic and achieve this long-term temperature goal, countries aim to
reach global peaking of greenhouse gas emissions as soon as possible to achieve a
climate neutral world by mid-century. It is not by any means the best solution; however it
is a great accomplishment for 196 countries to come together to agree on this and signs
of improvements are becoming evident.
Every country has to establish National initiatives in order to meet this goal. An
example of such an initiative is the US Clean Air Act, whose basic structure was
established in 1970, and then amended in 1977 and 1990 is a United States federal law
designed to protect human health and the environment from the effects of air pollution
(Union of Concerned Scientists, 2012). Under the Clean Air Act, the Environmental
Protection Agency (EPA) in the USA is responsible to regulate emission of pollutants
that "endanger public health and welfare."
2.1.4.2

Local/GCC

The UAE has also established its own agenda to meet those goals. In the UAE,
air quality is one of the key issues in the UAE National Vision 2021 agenda. In that
agenda, the UAE aims to raise air quality from its current level to 90% by 2021. In order
to speed up the attainment of that goals, the Ministry of Climate Change and
Environment is working with companies in the public and private sectors to improves
national efforts through the use of state-of-the-art systems and techniques and the
adoption of best practices such as developing and enhancing the national standards for
12

air pollution and compliance control, the transition to a green economy, and increasing
the use of clean energy in different fields, the sustainability of the transport sector, the
development of an air quality control network and the reliance on intelligent
technologies and solutions in monitoring types of pollutants. (U.AE, 2020)
According to the United Nations, Saudi Arabia also has enacted such laws in
2015 in response to UN resolution 7 of the UNEA and has been a signatory to all the
UN pollution related initiatives.

2.2 Coronavirus 2019 (Covid-19)
On 31 December 2019, the World Health Organization (WHO) was formally
notified about a few groups of cases of pneumonia in Wuhan City, where 11 million
people reside and is considered to be the cultural and economic hub of central China.
By 5th January 2020, 59 cases were known however none had been fatal.(WHO, 2020)
Ten days later, WHO was informed of 282 confirmed cases, of which four were in
Japan, South Korea and Thailand.2 By then there had been six deaths in Wuhan, 51
people were severely ill and 12 were in a critical condition. The virus responsible was
isolated on 7 January and its genome shared on 12 January (WHO, 2020). The cause
of the severe acute respiratory syndrome that became known as COVID‐19 was a novel
coronavirus, SARS‐CoV‐2. The rest is history and since then the numbers across the
world have just skyrocketed with the latest numbers as of December 11th, 2020 have
crossed 71 million cases as per Worldometers.com.
On February 14th, France announced its first Covid-19 death and Italy and Iran
emerged as the new hotspots by February 23rd, 2020. On February 29th USA reported
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its first death and currently USA is reporting over 3000 deaths per day. On March 11th,
the WHO announced the Covid-19 to be a pandemic and countries across the globe
began implementing lockdowns. This in turn led to the first time ever of massive
reduction in the emissions of carbon due to the sudden and dramatic reduction in the
burning of fossil fuels. This led to the so much clarity in the skies of cities that were
polluted with heavy smog daily. Unfortunately, those clean skies will now get re-polluted
as cities have lifted the lockdowns.
2.2.1 Covid-19 and the environment
Since the Coronavirus pandemic is so recent, there are limited academic journal
articles published about its effects, especially peer-reviewed, however as time passes
there will be a lot of research on the topic. There are experts across the globe eager to
write and research on this topic. Once such example is Noui et al, who are collaborating
with 136 people to make a project log of all the effects of the pandemic in different
countries (Noui et al 2020). Travaglio et al have conducted initial research into whether
there is a connection between air pollution and the severity of coronavirus cases in the
United Kingdom (UK) (Travaglio et al 2020).
There are numerous agencies that are performing their own research and
collecting evidence of the effects of the pandemic on the environment. Some experts
are claiming that countries may be able to meet their Paris Climate Accord goals
because of the pandemic (McFadden, 2020). Most of the literature discusses the
positive effects of reduced emissions of burning of fossil fuels. Alkozay mentioned that
there has been a massive reduction in greenhouse gases being emitted (Alkozay,
2020). Chakraborty and Maity have researched the global impact of the covid-19
14

outbreak and the positive outcomes of the lockdown. They mention that the Ozone layer
has been seen to have been revived to some extent (Chakraborty, Maity, 2020).
According to an article published in Fortune magazine, they quoted WHO public health
director Maria Neira as saying, “humans must build a healthier society, one with lesser
pollution once the pandemic is over” (Meyer, 2020).

2.3 Conclusion
Air pollution in the Middle East including the Gulf was worsening thanks to
economic and industrial growth in these countries. Cities like Abu Dhabi, Dubai Riyadh,
Jeddah, Dhahran went from very low populations to sprawling cities with millions of
inhabitants leading to a massive spike in air pollution thanks to the burning of fossil
fuels. All of these countries were signatories to the Paris accords and other such
treaties. All the countries established local laws and regulations to reduce gas
emissions to control and bring down the air pollution. However, nothing was able to
cause much of a difference except the forced pandemic lockdowns that started earlier
this year and had an immediate and a very positive impact on the air pollution and the
improvement of the particulate matter released into the environment in these countries.

15

Chapter 3- Project Description
To understand better the effect of the pandemic on air pollution, a mixed method
approach was adopted with both qualitative and quantitative research methods. Since
the research objective was to determine change and predict possible future in air
pollution and air quality, the research methodology focused on three stages: past,
present and future. This means establishing the state of global air pollution before the
appearance of the coronavirus, evaluating the state of global air pollution during the
virus, and predicting potential future outcomes.
In order to reach the research objectives, the research was conducted in several
stages, including a qualitative literature review and documentary analysis, and a
quantitative analysis of specific air pollution data to calculate trends and potential
developments.

3.1 Research Approach
Although the primary method of data collection in this research is a document
review, the method of analyzing the data is mixed – both qualitative and quantitative.
Leavy (2017) points to the use of a mixed method approach when the research goal is
to prompt some kind of community response, which is this case is to identify impacts on
air pollution reduction with the intention of identifying ways to maintain or even improve
upon the reduction of air pollution.
Quantitative research methods are generally positivist and empirical, while
qualitative is described as interpretive and subjective. Schulze (2003) discusses the
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benefits of combining these two perspectives in one research project, where the
strengths of each approach can be used to build a more effective and meaningful
project, which they term a pragmatic approach.
This research uses both positivist and interpretive methods to reach the research
objectives.

3.2 Research Design
Although historically document analysis has been regarded as a secondary
research method, to be conducted as a support to other methods, it is also valid as a
research method on its own (Bowen, 2009). This is particularly true when the research
topic involves the use of historical data and insight, where researchers must use prior
studies or data in order to analyze and reach their own conclusions (Bowen, 2009).
This research used document analysis as the primary research method, using
both qualitative and quantitative methods to evaluate the information and draw research
conclusions.

3.3 Data Collection
Data collection in this research was achieved through documentary review with
qualitative and quantitative analysis methods, in order to understand the historical
situation of air pollution, the effects of Covid-19 restrictions on air quality and air
pollution, and to predict future levels of air quality.

17

3.3.1 Qualitative Document Review
First, I will conduct a qualitative literature review and documentary analysis,
which will be focused on the academic peer-reviewed journal articles to the extent
possible (some very recent articles may not have had time for peer review yet). This will
include primary sources such as journal articles, conference papers and government
reports; as well as secondary resources including newspaper articles, textbooks and
magazines. I will critically review these documents in detail and systematically analyze
the information in order to develop an understanding of the state of air pollution in each
stage.
Li et al (2015) found that meaningful information can be found by comparing
individual photos. Their research was focused on analyzing levels of haze, where
airborne particulates reach levels that make the sky less clear. Using a series of photos
of the same location in Beijing, China (see Figure 3.1), they were able to quantify haze
levels. Their research points to the value of using online photos and comparisons,
although they call for additional work to develop database sets and standardized
monitoring procedures.

Figure 2: Computer-generated haze levels (Li et al, 2015, pp. 3)
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To investigate future possibilities, I will look at analysis of historical pandemics,
epidemics, and/or other large-scale events, to see if there were any environmental
impacts and if they lasted. Additionally, if the goal is to keep some of the positive
environmental changes long term, I will review some ways that researchers have found
that help people change habits that have a negative impact on the environment.
3.3.2 Quantitative Document Analysis
In order to quantify actual impacts of Covid-19 restrictions on air pollution and air
quality, quantitative analysis of data gathering through document review was done using
air pollution reports and readings. Direct measurements established air pollution levels
before the pandemic, and then monthly or quarterly measurements throughout the
duration of the coronavirus. To analyze this data, prediction models and regression
statistical methods were used to see whether it was possible to predict how air pollution
will or could continue to change once the threat of coronavirus has declined.

3.4 Data Sources
The sources of data included reports and documents from different governments
and their EPAs, United Nations (UN) and world health organizations, and other nongovernment organizations (NGOs). Websites and groups specific to Coronavirus have
already been created, and likely more will be developed as well. For example, ClimaCell
(climacell.co) has created a Covid-19 data resource center which will be very helpful, as
it has many datasets from different countries and provides a wealth of information useful
for this research. The UN Environmental program has daily updates on Covid-19 and air
pollution, in addition to links to other Covid-19-specific international websites and
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trackers (UN Environment Program 2020). The US EPA also has updated information
on their website (EPA releases, 2020). Air quality measurements and data are available
at multiple online sites.

3.5 Research Conceptual Framework
The concept behind this research is to use data and information from available
documentary resources, analyze the data using qualitative and quantitative methods,
and then develop conclusions that meet the research objectives. Figure 3.2 presents
the conceptual framework for this research.

Figure 3: Conceptual Framework

3.6 Conclusion
This research used document analysis as the primary research method, using
both qualitative and quantitative methods to evaluate the information and draw research
conclusions. For qualitative methods, I will look at analysis of historical pandemics,
epidemics, and/or other large-scale events, to see if there were any environmental
impacts and if they lasted. For quantitative methods, I will be using data and will analyze
it using graphs and regressions. In order to estimate the impact of the COVID pandemic
on the air quality in different regions, I will conduct regression analysis using daily data
obtained from openaq.org. Other researchers in this field have also used qualitative
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methods to estimate the impact of COVID-19 on air quality, such as using pictorial data
to determine haze levels in the environment during a certain time of the day.
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Chapter 4- Project Analysis
4.1 Data Collection and Gathering
There are two most prominent types of air pollution. Smog, or “ground-level
ozone,” as it is called, occurs when emissions from combusting fossil fuels react with
sunlight. Soot, or “particulate matter,” is made up of tiny particles of chemicals, soil,
smoke, dust, or allergens, in the form of gas or solids, that are carried in the air.
Smog can irritate the eyes and throat and damage the lungs—especially of
people who work or exercise outside, children, and senior citizens. It is even worse for
people who have asthma or allergies—these extra pollutants only intensify their
symptoms and can trigger asthma attacks.
For our analysis, we considered several different pollutants, which included
PM2.5, PM15, SO2, NO2, CO, and CO2. There were significant issues with the data,
namely the fact that data for most particulates was not available for different regions for
our period of study. We consider the years 2019 and 2020 for our data range. Prior to
2019, pollution data was not available. The data was collected from
https://openaq.org/#/location/US%20Diplomatic%20Post%3A%20Abu%20Dhabi?_k=i42pka

We faced several challenges because the data was not appropriate. We had to
clean the data at several stages. To start with, for a long time, we were not able to get
relevant even though we searched considerably on the internet. Eventually we found
data that was useful from “openaq”. AQ stands for Air Quality. After that we were able to
find further data on the following sites. World Air Quality Index (waqi.info), the World Air
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Quality Project (aqicn.org), the State of Global Air (stateofglobalair.com) and the United
Nations Environment Program (unep.org). We gathered data from all these sources
where we were able to find historical air quality data for Dubai for the years 2016,
2017,2018 and 2019 but not 2020.
Once we got the data, we played around to see what gave us meaningful
information that could be used for the research. We thought whether we just make
simple graphs and time series plots showing air pollution over time? Or should we dig
deeper into it to investigate what variables are causing what consequences.
But the challenge we still faced that there was relevant data available during pre
Covid dates, but not during Covid and lockdowns. So we spent more time to look for
alternate sources for data for UAE or GCC cities. Mostly data was available was for
China, India, USA, and Europe but not GCC. Eventually we were able to get good data
for the UAE Capital city, Abu Dhabi. Then we looked for another GCC city that we can
compare the data to be able to get a wider range of evidence. We were able to find data
on the Saudi city of Dhahran. So we decided to compare it with Dhahran because the
data available for Dhahran was available from 2019 till late 2020
This data contained several unnecessary variables, such as latitude and
longitude, which we dropped. Then we were able to get it into panel form. To remedy
that, we subset the data into different groups based on each individual particulate. The
data also contained hourly concentrations. We converted the hourly data into daily by
dropping repeated observations (so only 1 exact date remained per observation). For
our data analysis, we regressed particulates against time. The time series plots with the
regression line for Abu Dhabi revealed that pollution (measured by concentrations)
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decreased over time for the year 2020. This is evidence of the fact that initiating
lockdowns decreases overall pollution levels in the atmosphere, as human activity is
severely restricted. However, the same could not be said for Dhahran as that showed a
neutral trend of concentration over time.
Given below are the graphs for the regression lines for Abu Dhabi followed by Dhahran.

Figure 1: Abu Dhabi regression analysis

Figure 2: Dhahran Regression Analysis
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The results included spearman’s rank correlation coefficient (r) which measured
the relationship strength between two variables. The P value was used to determine the
correlation between selected variables. We checked for a significance level of (P< 0.01)
indicating strong relationship. For Abu Dhabi, the time series was correlated across
time, but for Dhahran, there was no significant correlation over time.

4.2 Data Analysis and Discussion
On April 4th, 2020, The Dubai Media office tweeted that Dubai was implementing
a 24 hour Covid-19 precautionary measures lockdown and restricted business activities
unless stated otherwise in directives issued by the Dubai's Supreme Committee of
Crisis & Disaster Management. (Asquith, 2020)
From the analysis of the data and conducting regression analysis using R, there
is clear evidence of the fact that the implementation of the lockdowns decreased overall
pollution levels in the atmosphere, as human activity is severely restricted in every
country of the world including UAE.

Figure 3: The various data files we worked with

Deeper analysis of the data shows that there are different values as can be seen
the “.csv” file. Our main objective was to look at PM 2.5 and ignore PM 10 and O3

25

values. We concentrated our research on PM 2.5 because its values vary due to
lockdown most and also these are a mix of smallest particles that are most dangerous
due to their small size. PM 2.5 is fine particulate matter and an air pollutant that is a
worry for the public’s health when the levels in the air are high. PM 2.5 are tiny particles
in the air that reduce visibility. Due to PM 2.5 the air to appears to be hazy when levels
are elevated. Fine particles (PM2.5) pose the greatest health risk. These fine particles
can get deep into lungs and some may even get into the bloodstream. Exposure to
these particles can affect a person's lungs and heart. Coarse particles which are larger
than PM2.5 up till PM 10 are of less concern, although they can irritate a person's eyes,
nose, and throat. (Department of Health, 2018)
PM 2.5 sources can be outdoor and indoor sources of fine particles. The worst
culprits on the outside are cars, trucks, buses and off-road vehicles (e.g., construction
equipment, snowmobile, locomotive) exhausts, other operations that involve the burning
of fuels such as wood, heating oil or coal and natural sources such as forest and grass
fires There are emissions of particles, PM2.5 formed from the chemical reactions of
gases such as Sulphur dioxide (SO2) and nitrogen oxides NOx: nitric oxide, NO plus
nitrogen dioxide, NO2); these are called secondary particles. (Defra, 2020)
Unfortunately, the Middle East has some of the Highest Global SO2 Emissions
around the globe. Saudi Arabia records the highest levels of emissions in the region
followed by Kuwait, UAE, Iraq and Morocco. According to Ahmed El Droubi, senior
Campaigner in Greenpeace MENA said that SO2 is a colorless air pollutant that cannot
be seen by the human eye and causes widespread problems to human health. Risks of
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breathing SO2 include stroke, heart disease, asthma, lung cancer and premature death
(Greenpeace, 2020)
From the datasets, it can be seen that there are different values i.e. PM O3, PM
10 and PM 2.5 so we divided the data into subsets based on the different particulates.
Therefore we had to clean the data, sort, and arrange to see our desired graph.
Unfortunately, any dataset that gave us the required data but was not recorded during
the UAE lockdown dates would not be helpful for our research. The dataset we needed
should cover mid 2019 till late 2020 and that was the real challenge
The time series plot we obtained from the raw data had several values at -999.
According to the US embassy, this just implies that the particle sensor was turned off
during that day and therefore did not collect any data. We used the subset function in R
to remove observations which were negative, resulting in a much cleaner looking plot.

Figure 4: Graph with "dirty" data
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For some odd reason there were a lot of -999 values in pollution for a lot of the
days. So we dropped all -999 values as after zooming into dates, this was weekend
data where normal office traffic was less and that it was also representing late night till
early morning time. Then after all this filtering, the graph looked like this

Figure 5: Graph after cleaning some data

Then we conducted advanced analysis i.e. structural breaks in the data. We
conducted an F test for the presence of breaks in the data and found a significant break
at the lockdown date.
The data from “openaq” we got had some advanced filtering options like and
select CO, PM10, NO and SO2. This was good because we could also then consider
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NO, SO2 and CO in our analysis. However, after applying filters, we only found out that
for UAE only PM 2.5 and O3 readings were available
So through these modifications, we were able to see that structural breaks told
us how a time series suddenly changes because of some event. We also conducted
analysis of Italy and China and tried understanding how the data and graphs were
different from what we have for UAE
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Chapter 5 Conclusion
5.1 Extent of the Project Results in Measuring the Air Pollution
The pollution levels worldwide have been getting worse year by year thanks to
economic growth and urbanization in the Gulf countries and the Middle East. However,
this year has been different because of the COVID 19 pandemic and it has contributed
to cause a dip in pollution levels. Since human interaction was greatly restricted, every
economic activity was limited, and our planet got few weeks off from pollution causing
activities. These few weeks made a massive difference in the amount of air pollution
that was emitted into the environment.
There are several hazards caused by pollution, such as respiratory troubles,
autoimmune diseases, low birth weight, prematurity, and even traffic accidents caused
by poor visibility. Pollution is caused by a mix of particles emitted from industrial
production, shipping, transportation, and human activities such as burning fuel for
heating. All of these processes involve burning fossil fuels, which generate hazardous
particles such as CO, NOx, CO2, SO2. Other particulates include PM2.5 and PM10
which can severe asthma and allergies.
After the onset of the COVID 19 pandemic, several countries across the planet
enacted lockdown policies which would severely restrict movement as well as industrial
activity such as electricity generation. At the same time, air quality improved vastly in
some highly polluted cities across the world such as Mexico City, Jeddah, Lahore,
Beijing, Abu Dhabi and New Delhi.
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Our research aimed to estimate the impact of the lockdowns on air quality. We
collected data from openaq.org, and independent online repository of air quality data.
This depository provided pertinent data to our research and therefore we selected it as
our main source.
There were several steps involved in conducting the data analysis. For our
project, our cities of interest were Abu Dhabi and Dhahran. For these cities, data was
available from mid-2019 onwards, as data collection began after that time. There were
several data cleaning operations to be performed. First, there were several variables
which were of no interest to us, such as latitude, longitude, and UTC time. We also
needed the data to be converted from hourly to daily, so we used the text to columns
function in excel to separate the hourly time, and then deleted that portion. There were
still several duplicate observations, which were removed from our dataset using the
subset function in R. We used several R packages for our analysis, such as t-series,
forecast, dplyr. We then conducted regression analysis, by using the value of the
particles (SO2 and PM25) as our dependent variable and time as our independent
variable. We saw that there was a negative trend for Abu Dhabi over the entire time
period under consideration, while for Dhahran, no significant evidence was found. It
could be the case that the lockdown was enforced with much more strictness in Abu
Dhabi compared to Dhahran, or the fact that pollution in Dhahran would be caused by
dust to a larger degree compared to Abu Dhabi.
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5.2 Recommendations
I recommend that the countries that had implemented pandemic lockdowns learn
from the reduction in air pollution during the time period of the lock down and make
every effort to reduce the burning of fossil fuels for the betterment of the environment for
future generations. The research I completed was able to portray the reduction in air
pollution in the GCC, specifically Abu Dhabi. The trend is similar to other cities in the
world.

5.3 Future Work
There was very limited data available for the purpose of the research, however it
gave us a glimpse of the trend in the reduction of air pollution. Future work should
include comparisons of more cities around the world and comprehensive trend for
every city should be modeled.
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Appendix: Regression and graph
generation
Pollution_data

#Load libraries that will help us plot

library(ggplot2)
library(dplyr)
##
## Attaching package: 'dplyr'
## The following objects are masked from 'package:stats':
##
##

filter, lag

## The following objects are masked from 'package:base':
##
##

intersect, setdiff, setequal, union

library(tseries)
## Registered S3 method overwritten by 'quantmod':
##

method

from

##

as.zoo.data.frame zoo

library(stats)

#Load the No2 Data
data <- read.csv("no2.csv")

#Remove first two observations as they are NA
data2 <- data[-c(1:2),]

#Extract date in date format
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date <- as.Date(data$Date, "%d/%m/%y")

#Remove first two dates as they are NA
date <- date[3:320]

#Run an OLS regression
reg<-lm(data2$max ~ date, data = data2)

#Plot the time series with the line of best fit running through it
plot(data2$max ~ date, type = "l", col = "blue", axes = T)
abline(reg, col="red")

#Load SO2 data
dataso2 <- read.csv("so2.csv")

#Extract date
dateso2 <- as.Date(dataso2$Date, "%d/%m/%y")
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#Run regression
reg<-lm(data2$max ~ date, data = dataso2)

#Plot the time series with the regression line
plot(dataso2$max ~ dateso2, type = "l", col = "blue", axes = T)
abline(reg, col="red")

#Load PM10 data
datapm10 <- read.csv("pm10.csv")

#Extract date
datepm10 <- as.Date(datapm10$Date, "%d/%m/%y")

#Run the regression
reg<-lm(datapm10$max ~ datepm10, data = datapm10)
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#Plot the time series with the regression line

plot(datapm10$max ~ datepm10, type = "l", col = "blue", axes = T)
abline(reg, col="red")
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